Following weaning at 3 wk of age, crossbred barrows and gilts were housed in temperature-controlled rooms for a 5-d adjustment period at 35~ then assigned to receive constant ambient temperature (CT) or fluctuating ambient temperature (FT) treatment for the nursery phase of the experiment. Pigs in FT received 12 h at 35~ and 12 h at 15~ daily for the initial 2 wk of the experiment, then 12 h at 29~ and 12 h at 9~ daily for the final 2 wk. Pigs in CT received 35~ and 29~ continuously for the first and final 2 wk, respectively. Weekly growth performance, feed intake and feed-conversion efficiency were not affected by treatment. Plasma glucose, serum cortisol, monocyte phagocytic function and antibody response to a commercial E. coli bacterin were similar in pigs exposed to CT and FT treatments. Concentrations of insulin in serum were similar between treatments at 0, 1 and 3 wk but were increased for pigs in FT at 2 (P < .05) and 4 wk (P < .01). Numbers of lymphocytes, band neutrophils and monocytes in pigs were not influenced by ambient temperature treatment. However, numbers of mature neutrophils for pigs in FT were increased (P < .05) at 1 and 3 wk of treatment. Eosinophils were also elevated in FT pigs at 4 wk of treatment. Pairs of littermate pigs that had been given CT and FT treatments were selected randomly to continue on the finishing phase of the experiment. Pigs from each nursery treatment were commingled in an outdoor modified open-front building and evaluated for 14 wk. Pigs from both nursery treatments gained at similar rates. In addition, antibody titers to the E. coli bacterin were not influenced by previous nursery treatment. These results suggest that, although isolated increases in insulin and some cellular blood constituents occurred in pigs under the conditions of this experiment, growth and other measures of endocrine and immune functions were largely unaffected by fluctuating reductions in ambient temperature.
Introduction
The conventional thermal environment for nusery-aged pigs has been a constant daily ambient temperature. Care has been taken to prevent frequent or dramatic drops in air temperature, because these have been associated with decreased growth performance (Le Dividich, 1981) and increased susceptibility to disease (Shimizu et al., 1978) . However, when given a choice, young pigs prefer changes in air temperature (Curtis and Morris, 1982) . When ambient temperature fluctuates in a diurnal a Contribution No. 88-198-J, Dept. of Anita. Sci. and Ind., Kansas Agric. Exp. Sta., Manhattan 66506. The authors acknowledge partial funding for this project from USDA under section 1433 of Public Law 95-113 and from the National Pork Producers Council, Des Moines, IA. We thank K. Parsons and D. Topliff for assistance in the laboratory, M. Johnston for assistance in data collection and V. Multen for typing this manuscript.
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pattern young pigs can achieve rates of gain and feed efficiency equivalent to pigs at control temperatures (Morrison et al., 1975; Curtis and Morris, 1982; Brumm et al., 1985) . Even so, immunological functions of pigs in such environments may be compromised~ as evidenced by a tendency for a higher mortality rate in the studies of Curtis and Morris (1982) and Brumm et al. (1985) . Reduced ambient temperature elevated cortisol in the plasma of young pigs (Blatchford et al., 1978; Rafai and Fodor, 1980) , and elevated cortisol in turn reduced cell-mediated immune events in pigs (Westly and Kelley, 1984) . Additional actions of glucocorticoids include modulation of carbohydrate metabolism (Munck et al., 1984) and a suppressive action on secretion of insulin (Barseghian and Levine, 1980) . We reasoned that fluctuating ambient temperatures might affect immune function of pigs by increasing adrenal cortical secretions which, in turn, could alter concentrations of other hormones and selected blood constituents.
Materials and Methods
Experimental Design. Prior to weaning, pairs of crossbred (Chester White x Duroc X Yorkshire) barrows and gilts from two consecutive farrowing groups (replicates) were blocked by sex and weight and assigned randomly within blocks to constant ambient temperature (CT) or to fluctuating ambient temperature (FT) treatments. Pigs were weaned at approximately 3 wk of age and moved to temperature-controlled rooms for a 5-d adjustment period at 35~ Pigs were housed in 2.00-m • 1.55-m pens with four pigs per pen and four pens per treatment. Thus, a total of 32 pigs per treatment were used in the two replicates.
Following the 5-d adjustment period, all pigs were injected with a commercially prepared E. coli bacterin 6 . Ambient temperatures were then set to remain at 35~ (CT) or to fluctuate (FT) between 35~ (0900 to 2100) and 15~ (2100 to 0900) for the first 2 wk of the nursery phase 6Porcimmune, Pitman-Moore, Inc., Washington of the experiment. For the final 2 wk of this phase, maximum and minimum ambient temperatures in FT treatment were lowered by 6~ (29 and 9~ respectively). The ambient temperature for CT treatments was also lowered to 29~ Lights remained on continuously throughout the experiment. A medicated (ASP-2507), pelleted, complete diet (18% protein; 1.25% lysine) and water were available at all times.
One-half of the littermate pairs from each treatment were selected randomly to continue on the finishing phase (n = 16 per treatment). During this phase of the experiment (14 wk), pigs from both CT and FT treatments were housed in a single pen in a modified open-front facility. A 14% protein (.63% lysine) milo-soybean meal diet fortified with vitamins and minerals was available at all times.
Measurements. Following the 5-d adjustment
period, all pigs were weighed, and samples for serum, plasma and whole blood were obtained. Body weights, feed intake and samples of blood were obtained at weekly intervals throughout the remainder of the nursery phase of the experiment. Samples of whole blood were used for quantification of total and differential leukocyte numbers and monocyte phagocytic function (Blecha et al., 1984) . Samples of plasma were assayed for glucose 8 and serum was assayed for cortisol (Newton et al., 1987) , insulin 9 and antibody titers to an E. coli bacterin (described below). Concentrations of cortisol and antibody titers in serum were evaluated in all animals. Numbers of leukocytes, monocyte phagocytic function and concentrations of glucose and insulin were evaluated in half the animals (those selected a priori to continue to the finishing phase). Concentrations of glucose, cortisol and insulin were determined in single assays, and within-assay coefficients of variation averaged 1.1, 5.9 and 5.7%, respectively.
On completion of the nursery phase of the experiment, pigs selected to continue on the finishing phase were given a booster injection of the E. coli bacterin as before. Samples of serum were obtained at 2, 6 and 10 wk after the booster for quantification of antibody titers to the bacterin. Body weights were obtained at biweekly intervals for 14 wk.
Enzyme-linked Immunosorbent Assay (ELISA) for Swine Antibacterin Antibodies. E. coli bacterin was diluted 1:500 in carbonate buffer (.01 M, pH 9.6). Wash diluent for the ELISA was phosphate-buffered saline l~ (PBS;
.01 M, pH 7.2), with .1% polyoxyethylene sorbitan monoleate (Tween 80) and .5% equine serum 11. Antiswine IgG horseradish peroxidase (HRP) conjugate 12 was diluted 1:1,500 in ELISA wash diluent. Substrate was prepared by adding 125/11 of 40 mM 2, 21-azinobis (3-ethylbenz-thiazolinesulfonic acid) (ABTS) and 125 /al 3% hydrogen peroxide 13 to 24.75 ml of .46 M citrate buffer, pH 4.0. Stopping reagent was .12% hydrofluoric acid la .
For the assay, 96-well polyvinyl chloride microtitration plates 14 were washed with 100% ethanol and dried. Diluted bacterin (100 /~1) was placed in each well, sealed with tape 14, and incubated for 4 h at 37~
Plates then were stored at -20~ Samples of serum to be evaluated along with negative control serum were diluted 1:200 to 1:3,200 in PBS. Frozen plates were thawed and washed six times with ELISA wash diluent, and 100/~l of diluted serum were added to each well. After 10 min incubation at 37~ the plates were washed six times with ELISA wash diluent, and 100/~1 of diluted antiswine-lgG-HRP conjugate were added to each well. Plates were again incubated for 10 min at 37~ then washed six times with ELISA wash diluent. Substrate (100 gd) was added to each well and incubated for 10 min at 25~ followed by the addition of 50 gd of stopping reagent. Absorbance at 414 nm was measured immediately for each well is. The spectrophotometer was blanked for wells that had received no serum.
Titers of swine antibacterin antibodies were determined by regressing the ab'sorbance at 414 nm on the log of the dilution over the range of dilutions evaluated (1:200 to 1:3,200). The titer was defined arbitrarily as the dilution of unknown serum that produced an absorbance of .100. If the lowest dilution evaluated (1:200) failed to produce an absorbance of at least .100, a titer less than 1:200 was indicated but a value of 1:200 was recorded.
Statistical Analysis. Data were subjected to analysis of variance using the GLM procedure of SAS (1982) . Growth performance, feed intake, feed-conversion efficiency, immunological characteristics and concentrations of hortt HyClone Laboratories, Logan, UT. 12 Cooper Biomedical, Malvern, PA. ta Fisher Scientific , Fair Lawn, NJ. t4 Dynatech Laboratories, Inc., ChantiUy, VA. it Bio-Teck Instruments, Inc., Burlington, VT. mones and glucose were analyzed using a split-plot analysis for repeated measurements (Gill and Hafs, 1971) . For the nursery phase of the experiment, pen was treated as the experimental unit for body weight gain, feed intake and feed-conversion efficiency data.
R esu Its
During the nursery phase of the experiment, body weight gains, feed intake and feed-conversion efficiency were not influenced by ambient temperature treatment when evaluated at weekly intervals (Table 1) . For the entire nursery phase, body weight gains and feed intake were not influenced by treatment, but feed-conversion efficiency was reduced for pigs in FT. Growing-finishing pigs that had been on either CT or FT treatments in the nursery had similar body weight gains during the finishing phase ( Figure 1) .
Monocyte phagocytic function, concentration of glucose in plasma and cortisol in serum were similar for pigs in CT and FT throughout the nursery phase of the experiment (Table 2) . Concentrations of insulin in serum were not influenced by environmental temperature treatment at 0, 1 and 3 wk. However, insulin was increased in FT pigs at 2 (P < .05) and 4 wk (P < .01) of treatment ( Table 2) .
Titers of antibodies against the E. coli bacterin were similar for CT and FT pigs during both the nursery phase (Table 2 ) and the finishing phase (Figure 1 inset) . During both phases of the experiment, an effect of week on antibody titers was observed (P < .001), indicating changes in antibody titers in response to injection of the bacterin. The relatively low titers observed at the onset of the nursery phase (Table  2) probably reflected residual, colostrum-derived antibodies, because the sow herd had previously received the vaccine.
Total and differential leukocyte numbers during the nursery phase of the experiment are summarized in Table 3 . Concentrations of total leukocytes, lymphocytes, band neutrophils and monocytes were not influenced by treatment. Numbers of mature neutrophils were increased (P < .05) at 1 and 3 wk in FT pigs but were similar for both treatments at other sampling times. Concentrations of eosinophils did not differ for pigs in CT and FT treatments at 0, 1, 2 and 3 wk but were increased in FT pigs at week 4 (P < .05). Basophils were found in differential leukocyte counts from only four animals, so these data were not analyzed. Brumm et al. (1985) reported that weaned pigs exposed to reduced nocturnal ambient temperature had improved daily gains and increased daily feed intake but similar feed-conversion efficiencies compared to pigs in constant environmental temperature. In general, data from our experiment suggest that pigs exposed to FT had daily gains and feed intakes similar to pigs in CT, but overall feed-conversion efficiencies were reduced slightly for FT pigs. Although acute changes in environmental temperature (at least hourly) may be detrimental to performance (Le Dividich, 1981) , diurnal fluctuations in environmental temperature may be preferred by the pig (Curtis and Morris, 1982) and in fact, may enhance performance in nursery pigs (Brumm et al., 1985) . In addition, our data suggest that exposure to FT in the nursery does not adversely affect subsequent performance of pigs, even when they are maintained in outdoor finishing facilities.
Discussion
We originally hypothesized that because acute exposure to cold environments elevated plasma corticosteroids in pigs (Blatchford et al., 1978) , pigs exposed to FT might have elevated cortisol and, in turn, altered circulating concentrations of glucose and insulin (see Munck et al., 1984 for review). However, no difference in concentrations of cortisol in serum or of glucose in plasma was observed between environmental treatments. Even though every effort was made to collect samples of blood rapidly, the stress of handling may have elevated cortisol in all animals and masked treatment-induced changes in this hormone. For example, concentrations of corticosterone in plasma were elevated in laying hens after only 45 s of immobilization (Beuving and Vonder, 1978) . Alternatively, diurnal changes in ambient temperature in this study may have altered concentration of cortisol soon after the application of the treatment, but such short-term changes may not have been detected in our weekly samples. In any event, the diurnal changes in temperature to which pigs were exposed did not produce a detectable alteration in the concentration of cortisol in plasma and, in view of this, perhaps it is not surprising that plasma glucose was not affected by treatment.
An increase in insulin was observed in FT pigs after 2 and 4 wk of treatment. Similarly, concentrations of insulin were elevated in plasma of young pigs exposed continuously to 2~ for 7 d (Takahashi, 1984) . In contrast, 
insulin release in reponse to secretagogues was decreased in mature wethers by exposure to cold ambient temperatures, and this effect might be attributed to increased adrenomedullary secretions (Sasaki et al., 1982) . Acute exposure to cold ambient temperatures elevated secretion of catecholamines in sheep (Thompson et al., 1978) , and epinephrine blocked secretion of insulin in nursery pigs (Hertelendy et al., 1966) . We did not evaluate plasma catecholamines in our experiment, but it is unlikely that altered adrenal medullary secretions could explain our findings, because insulin changed in a manner contrary to what would be predicted in view of the relationships described above.
Thus, at present, we cannot account adequately for the elevations in insulin observed in FT pigs, particularly in the face of unchanging concentrations of glucose in plasma. Several indices of immunological status were evaluated in our study, because reduced nocturnal ambient temperature has tended to increase rate of mortality of nursery pigs (Curtis and Morris, 1982 ; Brumm et al., 1985) , and sudden decreases in ambient temperature have increased the severity of gastroenteritis in young pigs (Shimizu et al., 1978) . Neither phagocytic competence of monocytes nor the ability of B lymphocytes to form antibodies in response to antigens was influenced by environmental treatment in this study. In fact, among the leukocytes evaluated, only neutrophils and eosinophils were affected by ambient temperature during selected weeks. Elevations in numbers of neutrophils have been observed following administration ofadrenocorticotropin or exogenous glucocorticoids to cattle (Roth, 1985) . In addition, physiological concentrations of cortisol suppress cell-mediated immune function in young pigs (Westly and Kelley, 1984) . The changes in the numbers of mature neutrophils in the present experiment were observed within 1 wk of changes in environmental temperature (i.e., wk 1 and 3). Although we did not observe changes in serum cortisol on these (or other) sampling days, we propose that these cellular changes may reflect latent effects of elevated cortisol, which had occurred earlier as a result of the abrupt change in environmental temperature. This supposition may have merit because at least in cattle, robust changes in adrenal secretions resulting from "psychological" responses to abrupt changes in environmental temperature wane within hours of the onset of the change (Dantzer and Mormede, 1983) .
We have difficulty in rationalizing the increase in numbers of eosinophils in FT pigs observed at wk 4. In general, stress-activated, pituitary-adrenal function results in an eosinopenia (Roth, 1985) . But our cortisol data do not support a glucocorticoid-induced change in eosinophils. Parasitic infestations have been associated with a concomitant eosinophilia (Prasse, 1983 ), yet we think that this explanation is unlikely in view of the comparable gains in weight of FT and CT pigs throughout the trial. Therefore, the reason for this eosinophilia remains unclear.
Collectively, the results of this experiment show that pigs exposed to the fluctuating ambient temperatures employed in this study had growth performance similar to that of pigs in a constant ambient temperature environment. Although concentrations of insulin and numbers of neutrophils and eosinophils were altered on isolated weeks of the experiment, other measures of immunological and endocrinological functions were not affected by treatment.
